Soil as a part of the environment receives pollutants from all types of human activities. Heavy metals originating from various organic waste sources and industrial activities accumulate in the soil surface, and their fate depends not only on the types and amounts of waste applied, but on soil properties. Furthermore, soils differ in their retention power for various heavy or trace elements. Twelve soil samples were selected from different sites irrigated with industrial and sewage wastes at Helwan city (Cairo Governorate) in the north and El-Saff (Giza Governorate) in the south. Separation of clay, silt and sand fractions were carried out. Chemical analyses of trace elements in the form of total and available contents (Fe, Mn, Zn and Pb) were determined in each fraction. The obtained results show that the average amounts of heavy metals in different fractions are related to the particle size of the soil especially the fine fraction. Heavy metals content was always in the surface layers higher than sub-surface. All metals were highest in clay fraction followed by silt and sand fractions respectively. This investigation discussed the importance of the fine fractions in the accumulation of heavy metals by coordination number in the lattice structure.
Introduction
Soil as a part of the environment receives pollutant from all types of human activities. On the other hand plants grown may absorb toxic materials that cause problems at some points in the food chain. Therefore soils are considered as sinks for trace elements; hence, they play an important role in environmental cycling of these elements. Abdel-Sabour and Mohamed (1995) found that waste water irrigation and the application of organic residues waste to agricultural land have added to the heavy metals pool in soils. In Egypt, Abdel Aziz (1992 ) reported that the average content of total Fe, Mn, Zn, Cu, Pb and Cd in the surface layers of El-Saff soils polluted by industrial wastes of iron and steel outlet were 15.56%, 2340, 399, 166.5, 129 and 1.95 ppm respectively. Badawy and Helal (1997) found that the content of heavy metals Fe, Mn, Cu, Zn, Cd, Co, Ni, Pb and Cr were increasing to be as high as 280-590% of the initial contents after irrigation with industrial waste water up to four years in Helwan soils.
Abdel Aal et al. (1991) studied the accumulation of heavy metals i.e. Fe, Mn, Zn, Cu, Pb, Ni and Cd in Abu-Rawash farm sandy soils irrigated with sewage effluents for different durations up to 10 years. Results showed a marked accumulation of the tested elements through both surface and subsurface soil layer particularly the most upper layer (5 cm). In the same farm, El Gendi et al. (1997) found that the total contents of Zn, Cu, Mn and Fe after 14 years of wastewater irrigation were approximately 170, 125, 53 and 5 times greater than unpolluted soil. Abdel-Hady (1992) added that the extractable amount of Mn in the soils of Shoubra El-Kheima fluctuated from 39 to 79ppm, while that of extractable Fe varied between 314 to 516ppm. The highest amounts of extractable Mn were obtained from soils near the Delta Steel Factory.
The aim of this work is to determine the distribution of some heavy metals in different particle size fractions of soils irrigated with polluted water sources.
Materials and methods
Twelve soil samples (6 profiles) were chosen from different locations at Helwan and El-Saff (Figure 1 ). Such area is exposed to a serious chemical pollution derived from several industries established there, i.e. Iron and Steel, weaving and spinning, coal, and others. Such pollution is carried by air and waste water. Soil samples were collected at two depths (0-20 cm and 20-40 cm). The samples were air-dried, crushed to pass a 2mm sieve, then subjected to different physical and chemical analyses according to Page et al. (1982) . Soil samples were prepared for heavy metals analyses in different fractions. Separation of clay, silt and sand were carried out according to the method described by Shuman (1985) . Distribution of heavy metals in each soil fraction (Fe, Mn, Zn, and Pb) content were determined according to the methods of Jackson (1969) . Available content of heavy metals was estimated according to the method of Lindsay and Norvell (1978) using DTPA solution. Determinations of heavy metals were carried out using atomic absorption spectrophotometer.
Results and discussion
The general properties of the investigated area (Table 1) show that all profiles are sandy, sandy loam, loamy sand, clay loam and silty loam. Organic matter content is generally low. Calcium carbonate content is higher in El-Saff soils compared to Helwan soils. Soils under irrigation with polluted sources are non saline as indicated by their EC values which range from 1.97 to 3.75 dS/m. Soil reaction lies within the neutral to slightly alkaline range, as indicated by pH values which range between 7.3 to 7.9. Total heavy metals in soils. Distribution of heavy metals between various particle size fractions in El-Saff and Helwan soils is listed in table 2 they have high amounts of heavy metals due to the large amounts of wastes of the industrial complex at Helwan area, soil problems arise in the region extended from Helwan southward to El-Saff. Industrial wastes which contain large amounts of heavy metals are dumped into the irrigation canals, and resulted with industrial wastes includes large changes in its chemical properties. Iron, manganese, zinc and lead are the main heavy metals pollutants coming from the industrial wastes. The data presented in table 2 indicate that in all soils samples, the highest contents of heavy metals were in the clay < silt < sand fraction respectively. With regard to the average values in each layer it is found that the average total iron content ranged between 2.67 and 12.70 g/100g, manganese from 514 to 2256ppm, zinc from 249 to 525ppm and lead from 250 to 353ppm. For the samples no. (7) and (11) it is noticed that the highest content of total iron occurs in the surface layer (average 12.70 and 12.45g/100g respectively) due to irrigation with liquid wastes from Iron and Steel factory and ElCoke factory. Liquid effluent of factories contains a high quantity of suspended matter rich in iron, that the effluent has reddish colour and which reflects on soil colour. Long term irrigation with such liquid waste led to the observable increase of total iron in the soil in spite of their light texture. These concentrations decreased with increasing the distance from the industrial area. In addition, sample (7) contains the highest values of Pb due to dust fall, smokes and over flow of liquid wastes loaded by suspended materials rich in these metals especially Pb onto the soils beside the factories. El-Taieb (1981) confirmed that the dust fall at Helwan area is an important pollutant source which exceed 10 times its standard quantity they reached 25 tons/mile 2 /month (Stern et al., 1974) . In all cases average values of heavy metals diminished downward the soil layers. Dominance of such heavy metals in the area followed the decreasing order: Fe < Mn < Zn < Pb. On the other hand, data in table 2 show the amounts of DTPA-extractable (Fe, Mn, Zn and Pb) in clay, silt and sand fractions in each surface (0-20 cm) and subsurface (20-40 cm) layers. The average amounts ranged from 3 to 56ppm, 2 to 26ppm, 2 to 5ppm and 2 to 4ppm for Fe, Mn, Zn and Pb, respectively. In all cases, the highest values were found in the clay fraction while the lowest values were found in the sand fraction; due to the soils differ in their retention power of each size fraction for various heavy metals. Furthermore values of all extractable elements decreased with the depth, so the highest values were found in the surface layer. These results indicate that the heavy metals originating from various organic waste sources accumulate in the surface and their fate depends on the chemical and physical properties of the soil.
For DTPA-extractable iron and manganese, the highest values were in sample (7), which is considered the nearest location of Iron and Steel factory. For zinc and lead, it is clear that, the clay and silt fractions contain high amounts of zinc and led compared to the sand fraction. These results agree with Andersson (1979) , who discussed the retention and mechanism adsorption of zinc and lead with fine fractions of soil and stated that zinc element has ionic radius 0.74 A 0 , which make both fit into6-coordinated octahedral positions in the layer silicate clay minerals. Mn and Fe also have coordination number of 6 and they can be captured in octahedral positions, in addition to the hydrated oxides. These oxides are often precipitated as islands on the surface of silicate minerals, with large specific surfaces. Moreover, these oxides can also be found precipitated as surface coating in channels and fractures. For lead it is present in both clay and silt fractions by almost the same concentration, and these concentrations were several times that of the sand fraction. Lead has coordination number higher than 6 and could not easily be enriched in the octahedral sites of the secondary silicate minerals. Andersson (1979) mentioned that the enrichment of Pb in the finer fraction may probably take place when it was released by the weathering processes as irrigation with polluted water or from fall outs. These elements, like most other heavy metals, are strongly adsorbed to functional groups on the particle surface and may then occluded, for example in hydrated oxides precipitating on the same surfaces. On the other hand it can be stated the data refer to the positive trend between total and extractable iron content. While this trend has exception in case of other elements.
Conclusions
The data obtained from this current investigation draw the attention to the impact and hazardous effect of the industrial wastes on soil contamination. The heavy metals are more concentrated in the surface layers of soil horizons which is the most important media for growing the seedlings. The impact of heavy metals are more pronounced on the fine textured soils since these elements are absorbed on the lattice of clay minerals as well as the free aluminum silicate oxides. Soil contamination with heavy metal are greatly influenced by the source of industrial wastes, as in these cases of Steel and Coke factories at El-Saff and Helwan. Also another factor is whether the wastes are polluted in irrigation water or the fall out of the suspended matter i.e. windborne. Therefore industrial wastes have to be carefully treated to eliminate heavy metals before reaching the soil.
